ABSTRACT. Using intravital microscopy we studied the responses of the jejunal and ileal mesenteric microcirculation to hypertonic meals in neonatal piglets. Test meals were infused through a cannulated segment of proximal jejunum. The intestinal segments were observed under conditions of controlled temperature and humidity, and the velocity of red blood cells through mesenteric arterioles was measured and blood flow calculated. Jejunal flow was not altered from baseline by saline or hypertonic manitol infusion, while significant increases in flow were observed during hypertonic glucose infusion (3.8 x versus 10.7 x 10" ml/s, p < 0.01). Jejunal glucose infusion did not cause shunting from the ileal microcirculatory bed. We conclude that the infusion of hypertonic glucose causes an increase in jejunal blood flow, but does not result in a change in ileal flow. The increase in flow is a local phenomenon related to glucose absorption in neonatal piglets. Intestinal blood flow in adult animals increases following ingestion of glucose and other hyperosmolar nonabsorbable substrates, however. the effects of these substances on neonatal intestinal blood flow have not been studied (1-6). The histopathology of NEC, a disease process characterized by diffuse areas of transmural intestinal necrosis, is suggestive of an ischemic etiology; moreover. some authors propose that feeding of hypertonic formulas to neonates contributes to the development of NEC (7-1 1). Because this and other diseases of digestion are major sources of morbidity in neonates, a thorough understanding of the responses of the neonatal intestinal circulation to feedings is of critical importance. This study examines the effect of hypertonic glucose feedings on the mesenteric microcirculation of neonatal piglets using intravital microscopy.
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MATERIALS
Twenty-five neonatal piglets, less than 1 wk of age, weighing 1-3 kg, were anesthetized with 15.0 mglkg ketamine and 13.5 mg/kg pentobarbital intravenously. The external jugular vein was cannulated for infusion of fluids. The common carotid artery was cannulated and connected to a Simultrace Recorder (Electronics for Medicine-Honeywell VR-6) for continuous observation sf arterial pressure. A tracheostomy was performed for control of the airway and management of secretions. Intravenous fluids consisting of 5% dextrose in lactated Ringer's solution were administered at a rate of 15 ml/kg/h. The electrocardiogram was monitored on the VR-6 system. The jejunum and its mesentery were exteriorized through an infraumbilical transverse incision. The lumen of a 10-cm section of proximal jejunum was cannulated at each end with 3 cm of polyvinyl tubing. The bowel mesentery remained in continuity and no vessels were divided.
The piglets were then transferred to a specially designed microscope stage. Body temperature was monitored and controlled with a heating pad and infrared lights. The bowel under observation was draped without tension over an observation chamber consisting of a hollow copper tube with a central lucite window through which a heated water bath was passed (Fig. 1) . The remaining bowel was covered with saran film and aluminum foil to preserve moisture. A warmed (38" C), deoxygenated (by debubbling with nitrogen gas) tris buffered solution with the following millimolar composition: NaCl 110, KC1 5.0, NaHCO, 2.0, MgC12 1 .O, NaHP04 1 .O, CaCI2 1.5, and tris (hydroxymethyl aminomethane) 25, suffused the bowel under observation at a rate of 5 ml/h.
The viewing system consisted of a Leitz Orthoplan microscope which was connected to a Cohu Model 4350 silicon diode low light video camera. The intestinal mesentery was transilluminated with a 100 W tungsten-halogen lamp and observed with an L3210.4 lens. Two photodiodes were interposed between the objectives and the video camera, and their output fed into a velocity correlator [Instrumentation for Physiology and Medicine, San Diego, CA (IPM)] for measurement of centerline red blood cell velocity by the two-slit photometric method. The video signal was transmitted to a video shear monitor (IPM) for measurement of vessel diameters. Red blood cell velocity (V) and vessel diameter (D) were measured and blood flow (Q) in individual vessels was calculated as Q = (V/1.3)r(D2/4) for arterioles 10-20 p in diameter (I 2). The techniques used have previously been described (1 3-22). Terminal arterioles were chosen for observation in the edge of the mesentery close to the bowel wall and multiple observations over 5-min intervals were canied out per vessel during the 20-min infusion period.
There were five experimental groups of five piglets each. In group I, the surgical procedures were performed and no infusion was done. Group 11,111, and IV animals received jejunal infusions of 0.9 N saline, mannitol (500 mosmol), and glucose (500 mosmol), respectively. Group V animals received glucose (500 mosmol) into the jejunal loop, while observations in this group were carried out on vessels in the terminal ileum of the animals. A total of 20 ml of fluid per animal was infused through the proximal cannula for 20 min and allowed to drain from the distal cannula to avoid distension of the bowel. The animals were sacrificed at the conclusion of the study.
Each group of experiments was done in order and flows were not calculated until the entire study was completed so as not to prejudice the collection of data. Statistical evaluation was per-MESENTERIC MICROCIRCULATORY RESPONSES 1137 formed using the Student's t test and all results were expressed as the mean k 1 SEM (23).
RESULTS
All piglets survived the experiment in stable condition maintaining a normal pulse and blood pressure. Insignificant variation was seen in single vessels in both velocity and diameter during the observation periods and recorded data represent the average of measured values for each vessel. In group I, where the surgical procedure was performed but no solution was infused, 1 1 vessels were observed. Red blood cell velocities ranged from 1.6 to 4.5 mm/s with a mean of 2.7 k 0.325 mm/s. Diameter of vessels observed ranged from 10.9 to 19 w (mean 14.0 + 0.92 p). Flows ranged from 1.2 x to 9.8 x ml/s (mean 3.8 x + 0.97 x ml/s) (see Table 1 ). In group 11, normal saline was infused into the jejunal loop for 20 min, and eight vessels were observed. Red blood cell velocities ranged from 2.0 to 4.5 mm/s (mean 2.56 + 0.29 mm/ s). Diameters ranged from 13 to 19.2 (mean 15.2 + 0.94 p).
Flows were calculated and ranged from 2.0 x to 5.5 x ml/s (mean 3.6 x lop6 + 0.45 x ml/s). The differences between groups I and I1 were not statistically significant.
Mannitol (500 mosmol) was infused over 20 min into the In group V animals, a 500 mosmol solution of glucose was infused into the jejunal loop, however, observations were carried out on arterioles located in the mesentery of the terminal ileum. Baseline measurements were carried out prior to infusion of the jejunal loop. Red blood cell velocities in the nine vessels observed prior to infusion ranged from 2.0-5.0 mm/s (mean 3.56 k 0.39 mm/s) and diameters ranged from 10-19 p (mean 13.9 + 0.93 w). Flows ranged from 1.5 x to 10.9 x ml/s (mean 4.6 X + 1.0 X ml/s). Fifteen vessels were observed after infusion of the jejunal loop was begun and red blood cell velocities ranged from 1.7 to 6.0 mm/s (mean 3.98 + 0.459 mm/s) and arteriolar diameters ranged from 10.3 to 20 p (mean 16 + 0.66 w). Flows were found to range from 1.2 x to 16.1 x ml/s (mean 6.49 x + 1. I x ml/s). There was no statistically significant difference between flows in the baseline and infused states or between flows in the control group I and the infused group V (see Table 2 ).
DISCUSSION
The study of the intestinal and mesenteric microcirculatory bed has been accomplished with a number of techniques including intravital microscopy, Doppler flow probes, radiolabeled microspheres, and radioactive zenon gas. Intravital microscopy was chosen for this study because it allows for in vivo studies of the microcirculation without the administration of foreign sub- 
